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Abstract
Saravani, Afshordi and Mann [1] considered a surface fluid with van-
ishing energy density on the stretched horizon of a black hole, taken as
the new boundary of spacetime. We show that their entropy per unit area
of the fluid does not correspond to the Bekenstein-Hawking entropy, both
for a Schwarzschild black hole and for a Kerr-Newman black hole. Due to
the lack of a horizon, we argue that the Unruh effect could not be taken
into account and the concept of local thermodynamic equilibrium is not
sustained because of the θ-dependence of the temperature.
In the paper [1], Saravani, Afshordi and Mann (SAM) proposed a model for
black holes (BHs) where the spacetime ends at a microscopic distance from the
BH horizon. They put a (2+1) dimensional surface fluid with vanishing energy
density at the boundary (stretched horizon) and obtained a thermodynamic
entropy for the fluid identical to the Bekenstein-Hawking entropy.
Let us observe that, even though the Sec. II.A is called ”Schwarzschild Black
Holes”, their geometry (2)
ds2 = −N2(r)dt2 +
dr2
f(r)
+ r2dΩ2, (0.1)
has no any horizon (SAM have introduced a boundary at r = r∗ > r0, where
r0 stands for the horizon, with N(r0) = 0). The Authors of [1] keep the above
metric in its general form throughout the Sec. II.A. Not possessing a horizon,
their metric (2), in our opinion, cannot generate thermal radiation (Unruh’s
effect) even though a static observer on the surface fluid is accelerating (the
spacetime is curved and has spherical symmetry). We could eventually sit close
to the horizon of the BH where the metric is of Rindler-type. SAM should
have used the same approximation as in Sec. B (for Kerr-Newman BHs), going
near the horizon where the spacetime is Minkowskian and the appearance of the
1
Unruh radiation is natural. Therefore, saying that ”Since the surface fluid is at
constant radius it consequently sees the thermal radiation due to its acceleration
(Unruh effect)” [1] (below Eq. (14)) is, in our view, incorrect as long as the
authors’ spacetime terminates at a distance r∗ > r0, namely the horizon is left
outside. In contrast, at Sec. II.B, SAM looked from the very beginning for the
near horizon approximation for the Kerr-Newman geometry (their 1st equation
from Sec. B), where λ = 0 corresponds to the BH horizon. From Eq. (B1) it is
clear that λ (as the time τ) is dimensionless. Therefore, it seems to be a typos
in the integral expression of it and, to respect the units, we must have
λ =
∫ r
r+
dr′√
∆(r′)
(0.2)
Anyway, only with this form of λ the result λ ≈ 2
√
(r − r+)(r+ − r−)+O((r−
r+)
3/2) holds.
As far as Eqs. (13) and (14) are concerned, they have been previously
written by Mazur and Mottola [2] and Ghezzi [3] using the same Israel junction
conditions (η from [2] and [3] correspond to Σ from [1], Π from [1] is σ from
[2] or −σ from [3] and N2 and f from [1] correspond to f and, respectively h
from [2]). We notice also that, with r∗ 6= r0, (17) cannot be obtained from (16),
using (13) and (14). One obtains in fact
S =
1
4
−
N(r∗)
4r∗N ′(r∗)
(0.3)
where N ′(r) = dN/dr. Only when r∗ → r0, S = 1/4 emerges. But that is not
specified in [1] and, anyway, it is trivial because r0 corresponds to the event
horizon (located at r < r∗), not to the stretched horizon. Nowhere SAM used
that r∗ − r0 << r0, so their equations 13 - 16 are valid for any r
∗ > r0. Let
us ckeck the relation (0.3) for the Schwarzschild metric, namely N2 = f =
1− (2m/r). We have N/4rN ′ = f/2rf ′, so that
s(r) =
1
4
−
r
4m
(1−
2m
r
). (0.4)
We obtain, of course, that s = 1/4 at r = r0 = 2m but s vanishes for r = 3m
and, what is worse, it becomes negative for r > 3m. Although SAM stated that
r∗ is at a microscopic distance from r0, that constraint does not enter in any
way in the calculations of Σ,Π, T or s from the Sec. II.A.
Due to the near horizon approximation used, SAM obtained directly (from
their Lanczos equation (12)) the fact that Σ = 0 on the stretched horizon λ = λ∗
(Eq. (25)) and Π 6= 0 (note that in (13), Σ = 0 only for the Schwarzschild
BH). Taking the limit λ∗ → 0 (the Kerr-Newman horizon), SAM correctly
obtained Π → ∞, as in [4] (Eq. 40), [5] (Eq. 12) and [6] (Eq. 4.9), for a
Schwarzschild-type spacetime, as the metric (2) from [1] is. We stress again
that, in our opinion, there is no any Unruh radiation here because the near
horizon approximation (B1) of the Kerr-Newman BH is not flat (the Riemann
2
tensor is nonzero, contrary to the Schwarzschild case where the metric is Rindler,
close to its horizon). In addition, their formula (26) does not seem to be valid.
Because of the fact that Γ+ = r
2
+ + a¯
2cos2θ is θ-dependent (where r+ = m +√
m2 − a¯2 − q2), apart from the λ-component of the fluid acceleration aλ =
1/Γ+λ, there is also a nonzero θ-componenent, a
θ = −(1/Γ2+)a¯
2sinθcosθ, where
a¯ = J/m. Therefore,
a ≡
√
abab =
√
1
Γ+λ2
+
a¯4sin2θcos2θ
Γ3+
(0.5)
(Note that the Authors of [1] use the same letter a for the acceleration of the
fluid and for J/m). Their expression (26) should be recovered only if aθ were
zero. As a consequence, the entropy (28) per unit area of the fluid is not equal
to 1/4 as they claim. Therefore, author’s conjecture (at the beginning of Sec.
IV) that ”the microstates of a black hole are those of the surface fluid at the
stretched horizon” should not be valid. From our point of view, the microstates
of a BH are to be sought on its event horizon even if we agree with SAM that
”the membrane properties are physical and result from condensation of accreted
matter into a physical membrane” (Sec. IV). Moreover, authors’ conclusion from
the beginning of Sec. IV that the energy density Σ is vanishing on the stretched
horizon seems to be in contradiction with their Eq. (13) where Σ 6= 0 at r = r∗
(it vanishes only when r∗ → r0, as SAM themselves found below Eq. (14)).
The introduction of ”local thermal equilibrium” is questionable since the
spatial/temporal variation of T (x, t) should be small and this is not obeyed,
for instance, by Eq. (27), where there are restrictions for λ∗ to be close to
λ = 0 but not for angular variable θ. In other words, we consider that, when
θ varies, for example, from 0 to pi/2, the variation of T from (27) is not small
(the ”local approximation” is not valid when θ is varied on its entire range),
so that local equilibrium at Unruh temperature T = a/2pi cannot be set by an
angle-dependent acceleration.
We would like to add a remark on the title of [1]. If Authors’ BHs are
empty, why to call them ”Schwarzschild Black Holes”?. If the spacetime ends
at the stretched horizon r = r∗, what is the source of curvature in the bulk?
The surface stress tensor (3) refers to, as SAM tell us, to a thin layer of fluid
sitting at the boundary. They do not give any informations about the bulk
stress tensor but only that N(r) and f(r) are arbitrary functions satisfying GR
field equations in the bulk (below Eq. (2)).
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